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Modern-Era Retrospective analysis for

Research and Applications (MERRA)

= 1979-Present (will not continue, depending on
radiance observations availability)

= 5% lat x %4° lon, 42 pressure levels (derived from
72 terrain following model levels)

= 1 hourly Surface/2D fields, 3 and 6 hourly 3D
fields; over 300 variables

= NCEP GSl analysis (~2008)
* GEOS5 GCM (~2008)
= Offline land (MERRA-Land) and ocean



MERRA-2 Motivation and Objectives

Produce an ongoing, intermediate reanalysis for the satellite
era using a recent version of GEOS-5 to
(1) address known limitations of MERRA (c. 2008), and
(2) provide a stepping stone to a future coupled Earth

system reanalysis.

Specifics:
Incorporate modern satellite observation types
not available to MERRA

Reduce spurious trends and jumps related to

changes inthe observing system
Reduce biases and imbalances in the water and

energy cycles
Test coupling GOES-5 meteorology with other

Earth system components




Observation Count (millions)

Observing system time series for MERRA and MERRA-2
MERRA-2
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Data counts increase as more hyper-
spectral sensors become active

No microwave radiance data after
NOAA-18 in MERRA

Data counts for MERRA could decrease
rapidly, especially if AIRS data were no
longer available
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AIRS provide most global impact from
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The MERRA-2 data assimilation system
GEOS-5.12.4 AGCM/GSI 3D-Var

0.5°x 0.625° x 72 hybrid-eta levels to 0.01 hPa

MERRA‘ MERRA-2 Evolution

 Updates to the AGCM and GSI

AGCM

* Cubed-sphere dynamics

* Updated physics: limited deep convection, re-evap of rain, snow sublimation

* Improved glacier model and cryosphere albedos

GSI

* Modern observations:

, capable for

Updated moisture control variable and background errors
Bias correction for aircraft temperature observations
Balance constraint for noise
* TC Relocation




Surface boundary conditions and emissions

SST and Sea Ice Concentration

HadlSST1 Rexnolds Ol.v2 (weekly 1°)
MERRA

l CMIP Reynolds (daily 0.25°) OSTIA (daily 0.25°)
MERRA-2

Jan 1982 Apr 2006

Aerosols and Trace Gasses

* COfossil fuel emissions (EDGAR inventory)




Aerosols and Trace Gases in MERRA-2

MERRA-2 Aerosol Analysis 10 July 2013 1200UTC
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MERRA-2 depiction of Mt. Pinatubo eruption in
June 1991

MERRA-2 Sulfate AOD June 1991 MERRA-2 Sulfate AOD July 19091

MERRA-2 captures the Mt. Pinatubo eruption in June 1991

The eruption sent a thick sulfate plume rapidly upwards into the stratosphere,
which fanned out westward on the prevailing easterly winds aloft (left). By
July 1991, the sulfate plume encompassed the tropics globally (right).



Water Cycle \\




Time series of global precipitation

Global Monthly (12mo) Pre01p1tat10n (mm day™)
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Time Series of Total Precipitable Water
Global Total Column Water (mm)
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Globally precipitation, evaporation and analysis forcing

Surface pressure and water vapor analyses are penalized for global

Imbalances (Takacs et al., NASA GMAO Tech Memo, 2015)
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Land/Ocean Water Mass Budgets

Continental Water Anomalies(x103Km3yr?)

12

= Ocean g
Precipitation and s b
evaporation track 0
each others 4

variability, than the =
analysis increment

= Land evap follows
the bias CorrECtEd Oceanic Anomalies (x103 Km3 yr?)
precip. Land model
precip follows the
analysis increment  *
trend ’

* |Increment jump in
2003 due to AIRS?

1980
1982
1984
1986
1988
1990

1992
2010
2012
2014

2012
2014

—=E (461) =P (393) <-®=dwdtANA(-13) ==dwdtDYN (-55)



Aside: AIRS Withholding
Experiment




AIRS Withholding Experiment
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MERRA-2 Precipitation comparison with MERRA, GPCP

MERRA-2 minus GPCP JJA (35 yrs) MERRA minus GPCP JJA (35 yrs)

mm/day mm/day

ABS(MERRA-2, MERRA) vs. GPCP  JJA (35 yrs)

- Blue shades imply MERRA-2 closer
to GPCP than MERRA

MERRA-2 improves over oceans,

but rains excessively over tropical
high terrain



Corrected precipitation forcing of the land surface

The land surface in MERRA-2 sees precipitation that is a mix of observations
and model-generated precipitation.
(Reichle and Liu, NASA GMAOQO Tech Memo, 2014)

Precipitation - JJA (27) mm/day

* Daily gauge-based data used over
midlatitudes and tropics, except Africa

* Pentad gauge- and satellite-based CMAP
data used over Africa

* Precipitation generated by MERRA-2
itself used over high latitudes

e MERRA-2 root zone soil wetness differs
from that of MERRA due to differences in

precipitation forcing and, to a lesser
extent, differences in catchment model
parameters.

MERRA-2 - MERRA
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Upper Tropospheric Humidity
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Precipitation comparison with Padang, Sumatra station data

MERRA-2 Annual Average Precip (mm)
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Earth’s Energy Budget (16 Range) pErre
P - ;
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~vam | VA LOngwave Cloud Forcing
LW by thermal Annual Average e

trapping
LCF 200003 - 200702 ANN LCF 200003 - 200702 ANN
MERRA-2 mean=28.81 MERRA-2 - EBAF mean=2.58

- i e

120°W
CERES EBAF mean=26.24

126°W
MERRA-1 mean=25.91

e e

(1) Both MERRA-1 and -2 are very realistic, showing tropical convection, mid-/high-latitude

cloud, and subtropical subsidence zones (cloud minima); (2) MERRA-2 does better over

continents and in subsidence zones; (3) MERRA-2 has excessive Western Pacific convection.
Courtesy Peter Norris




TOA Shortwave Cloud Forcing
Clouds cool in An nua 1 Ave ra ge SCF |r£e|3|i:c|irve to

solar by

reflection SCF 200003 - 200702 ANN SCF 200003 - 200702 ANN
MERRA-2 - EBAF mean=-7.38
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(1) MERRA-1 & -2 are both realistic, showing tropical convection, high-latitude
stratus, and subtropical subsidence zones (cloud minima); (2) MERRA-2 does

better than MERRA-1 over continents and in subsidence zones; (3) MERRA-2  Courtesy
has excessive Western Pacific & Southern Ocean cloud cooling (albedo). Peter Norris




Global OLR

Global Monthly (12mo) OLR (W m™)
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Global TOA Absorbed SW

Global Monthly (12mo) TOA ASR (W m™)
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Global TOA Net

Global Monthly (12mo) TOA Net Flux (W m™)
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Global Surface Downward LW

Global Monthly (12mo) Sfe LW¢ (W m™)
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Widespead TOA Net Cloud Forcing

negative shows NCF relative to

EBAF
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MSU Temperature of the Lower Troposphere (TLT)
Anomaly (1981-2010)

MSU Temperature

Mean from 1981-2010

MSU Temperature of the Lower Stratosphere (TLS)
Anomaly (1981-2010)

MERRA-2 leans warm
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MERRA-2 Surface air temperature comparison with MERRA, HadCRU

MERRA-2T, . minus HadCRU  July (34yrs) MERRAT,,, minus HadCRU  July (34yrs)
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- Blue shades show MERRA-2 closer
to HadCRU data than MERRA

Results for January show smaller
overall improvement




Land 2m T Time Series

Land(60) Monthly (12mo) 2m Temp (K)
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Comparison With SHEBA 2-m Temperature [C]

Po | ar | MERRA: melt season
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Temperature over sea ice is significantly affected by surface albedo.
Other processes can be important (clouds!).

In MERRA, ice albedo was fixed constant (0.6).

In MERRA-2, Arctic ice albedo is seasonally prescribed (monthly).
MERRA: ~10°C May bias., MERRA-2: reduced Bias, differences
remain.

Courtesy Richard Cullather
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Katrina Landfall (MERRA-2) 1230Z29AUG2005 (mm hr™)
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Storm of The Century
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= ~2ft snow depth over large portion of the East

= Vertical cross section shows a textbook depiction of
the tropopause fold (in blue), jet stream (black
contour and temperature gradients (red dash)






Bill Putman, Global Modeling and Assimilation Office

-2 12km Dynamical Downscaling:
Hurricane Sandy 2012

12-km “Replay”
 Replay to 50-km MERRA2
Increments

12-km Horizontal Resolution
72 Vertical levels

Non-Hydrostatic FV3
Dynamics

Full Aerosol Reanalysis
(MERRAZ2-aero)
Including CO,
Initially Two Streams
— Dec-1999 — May-2005
— May-2005 — Nov-2010

Eventually, 30+ years 1979-
present
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MERRA-2 Products and Ancillary Applications

Completed 1980-present, now running as a continuing climate
analysis with 2-3 week latency

Data release expected to begin in July 2015 via the NASA
Goddard Earth Sciences (GES) Data Information Services Center
(DISC)

* 1-hourly surface/2D fields, 3- and 6-hourly 3D fields

* Daily Products ~25GB/day (9.1 TB/yr)

* Monthly Products ~34 GB/mo (408 GB/yr)

Ensemble of (initially) 20 AMIP integrations using the MERRA-2
model configuration




Toward an Integrated Earth System Analysis

3/4D-EnVar

Ozone { Constituents

COICo2 | MERRA2Chem

EnKF/OI
Seasonal Prediction

1 Ocean

MERRA2Ocean

EnKF 3 )
1 Land

Seasonal Prediction

en )
s

MERRAZ2Land

MERRA-2

GSI (NCEP)

Atmospherej % 3/4D-EnVar

NRT Forecasts

EOS Instruments
Historical AVHHR
Aerosols
Local Displacement Ensembles

NRT Forecasts

Coupled and MERRA2-driven component reanalyses




i Reanalysis Progression

MERRA MERRA-2 Next Target






